(Editor: Vernon Heywood)

1. Passive protection of habitats is not enough {#sec1}
===============================================

It was recognized as early as the 1990s that legal land protection is only the first step in securing threatened species by removing the immediate and most detrimental threats, but is by no means a guarantee of the long-term species survival ([@bib85], [@bib77], [@bib33]). In the last two decades, it became clear that mere designation of protected areas, which has been the primary approach to conserving biodiversity, is not enough to protect biodiversity (e.g. [@bib8], [@bib22], [@bib52], [@bib9], [@bib56], [@bib57], [@bib58]). No conservationist will cast doubt on vital importance of protected areas in biodiversity conservation. Without protection from logging, grazing, poaching and other factors detrimental to maintaining the effective functioning of natural habitats, the extinction of a large number of species is inevitable. However, reliance on passive conservation through strict area protection that prohibits any modifications of the protected habitat of threatened species or other management interventions to address threats to them is not a viable strategy for several reasons. One reason why passive protection alone will fail to prevent species loss is the ongoing climate change. For species with small populations scattered in fragmented landscapes, occupying rare habitat types or having limited dispersal abilities, the anticipated range shifts as a result of climate change can be lethal. Even if their populations are currently protected, such species are doomed to extinction, unless some additional measures to adjust their range are taken. Another, even more important reason is the wide-scale anthropogenic disturbance that affects virtually all ecosystems, including those in protected areas, and disrupts previously existed species interactions and ecological processes (e.g., [@bib18]). Habitat alterations and fragmentation that result from this disturbance, can reduce population sizes of many species below the viability threshold or make regeneration impossible. If some individuals of a species still survive in the habitat, this indicates that recovery at that location is possible in principle, but only if the factors contributing to the population\'s decline and failure to regenerate are identified and addressed. Elimination of these factors in majority of situations is impossible without management interventions. These interventions must either maintain crucial ecosystems\' dynamic processes such as succession, or remove the dispersal and establishment limitations responsible for the commonly observed extinction debt phenomenon (see below) in many populations of threatened species, even in strictly protected areas.

Given the lack of regeneration in many populations of threatened species, even in reserves and national parks, passive area protection must be replaced with *in situ* conservation, including land protection but not limited to it, and having a strong emphasis on interventions that help restore species recruitment. The major step in any species recovery program must be determining which factors, either physical or biological, act as "barriers" as well as those that can be "facilitators" to regeneration. Once these factors are identified, this knowledge can be used for either i) limiting population augmentation by seeding/planting to the suitable microsites only, thereby greatly reducing the amount of valuable plant material needed and the cost of recovery, or ii) applying the most appropriate treatments that would eliminate the barriers, enforce the facilitating factors, or both.

2. Extinction debt and causes of recruitment failure {#sec2}
====================================================

The natural regeneration cycle includes a sequence of stages, starting with the flowering of a mature adult and ending with the establishment of a new reproductive individual. Among the events associated with these stages, several are of a decisive importance for long-term population viability. They include processes of pollen production and flower fertilization, seed development, arrival at safe sites and germination of seeds, seedling survival and establishment ([@bib131]; [@bib36], [@bib39]). Collectively, species\' requirements for successful completion of a regeneration cycle are known as the species\' ontogenetic niche. Decoupling the environmental conditions and the species ontogenetic niche can lead to recruitment failure. Restoring recruitment requires removing the obstacles to seed production and their successful germination and growth (e.g., lack of pollinators, pre- or post-dispersal seed predation, lack of germination cues, altered/unfavourable canopy or substrate conditions).

Usually, adverse human impact on an ecosystem starts from the destruction of species regeneration niches, when seed production/dispersal is no longer possible due to extirpation of pollinators/seed dispersers, seeds do not germinate or seedlings die in altered soil or light conditions. For many plant species, the particular set of conditions favoring seedlings is much narrower than at the adult stage, and this explains why under the altered conditions, many long-living species can temporarily persist as non-recruiting adults ("living dead" *sensu* [@bib66]). This phenomenon when declining populations can temporarily persist but will eventually go extinct in degraded habitats even under no further habitat deterioration has been described as 'extinction debt' ([@bib107]). This phenomenon occurs not only with long-living plant species but with any species following alteration or fragmentation of its habitat if a threshold in habitat quality, area and connectivity is crossed ([@bib50]).

Two causes of extinction debt phenomenon, i.e. disrupted recruitment, are (i) seed limitation, i.e. the failure of seeds to arrive at available sites, or (ii) establishment limitation, i.e the failure of seeds to germinate or to develop into a reproducing individual ([@bib36], [@bib21], [@bib20]). The importance of seed limitation is obvious -- natural regeneration can occur only if the seeds are produced, dispersed and able to germinate. If no seedlings are observed in a population, before testing whether the germination conditions are met, we must ensure that the seeds are produced and not consumed by predators before they can germinate, and remain viable at least some time after dispersal. Anthropogenic alterations of habitats can be a cause of seed limitations. A transition of continuously distributed population to spatially isolated small patches of plants may have numerous negative demographic, ecological and genetic consequences. Degradation and fragmentation of habitats may result in reduced density and fecundity of parent trees ([@bib44]), decreased pollinator abundance, visitation rates and pollen deposition ([@bib67], [@bib1], [@bib26], [@bib87], [@bib80]), and impeded dispersal following frugivores\' decimation ([@bib103], [@bib106]).

Establishment limitation is another common cause of a recruitment failure. Anthropogenic alterations of habitat physico--chemical parameters, such as soil moisture, nutrients or light availability can cause negative changes in biotic interactions with predators, pathogens or competitors, and disappearance or reduction in suitability of required for seed germination and seedling establishment microsites. Even within a critical habitat, i.e. \"the specific areas...on which are found those physical or biological features essential to the conservation of the species\" (Endangered Species Act of 1973), degree of habitat suitability at a small scale varies, and only a subset of the microsites available can support germination and plant establishment ("safe sites" *sensu* [@bib51], [@bib41]). Topography, soil moisture, presence/absence of litter and symbiotic soil biota are the major factors determining microsite suitability. Spatial heterogeneity generated by canopy openings is another important component of species regeneration niche. As a result of degradation/fragmentation many habitats do not have enough microsites that can support natural species regeneration.

3. Two ways of extending recruitment niche {#sec3}
==========================================

For species having recruitment problems, there are three possible solutions, as outlined by [@bib121]: 1) One can restore the once existing population environmental conditions to repair the lost links in the recruitment chain and give the population a hope of survival ([Fig. 1](#fig1){ref-type="fig"}). 2) One can extend the dispersal niche by promoting species\' dispersal followed by successful regeneration into the environments where that species had not been previously recorded ([Fig. 1](#fig1){ref-type="fig"}). 3) One can create more living dead non-recruiting populations by planting individuals in sites where seeds cannot germinate or seedlings develop but saplings and adults can thrive ([Fig. 1](#fig1){ref-type="fig"}) ([@bib121]. The first two ways of addressing recruitment problems can be called assisted establishment and assisted colonization, respectively. Unfortunately, in conservation projects creating more living dead is much more common outcome than successful assisted establishment/colonization, and too many introductions of rare and endangered plant species resulted in the establishment of the introduced individuals but without producing new generations ([@bib46], [@bib27]).Fig. 1Ontogenetic niche and the possible effects of restoration activities (modified from [@bib121]). The x-axis is a gradient of an environmental parameter that defines niche space. Seeds can disperse to more sites than are suitable for establishment. Conversely, dispersal limitations can prevent arrival of seeds to some suitable sites. Restoration activities may broaden the recruitment niche through assisted establishment (dashed lines) or the dispersal niche through assisted colonization (dotted lines). Assisted colonization can result in establishment with regeneration or without it. In the latter case colonization cannot be considered successful.Fig. 1

The widespread phenomenon of extinction debt has important conservation implications. As long as a species that is predicted to become extinct still persists, we can pay the extinction debt not by allowing the species to go extinct but by restoring the habitat to assist its recruitment, before the species disappears, in such a way that the threshold conditions are met again. On the other hand, introduction of the species into the habitats outside its current range can prevent the species\' global extinction even if the local extinction debt is paid. Thus, large-scale restoration of either occupied locations to enable assisted establishment or of potentially suitable but currently not occupied locations to make successful their assisted colonization, should be viewed as two complementary ways to achieve species recovery and prevent biodiversity loss. A goal of any species conservation plan must be determination of the suitable species range and safe sites within it, and, on the other hand, identification of the appropriate population maintenance or habitat restoration interventions that will insure long-term species persistence.

The two major causes of recruitment failure, seed production limitations and low availability of suitable microsites are also the two factors that limit range expansion in plants. According to the literature, up to 50% of species\' current potential ranges are not filled due to the factors limiting seed availability (e.g., [@bib86], [@bib35], [@bib108], [@bib82]), while many species are absent in particular habitats because these habitats have insufficient number of microsites suitable for recruitment ([@bib20], [@bib16]). Additional factors that prevent or limit colonization of suitable habitats are low seed dispersal distance and physical barriers for dispersal.

The above reasons suggest that many species would expand their ranges naturally but are unable to do so due to severe constraints, some of which have been created by human-driven impacts (destruction and fragmentation of habitats followed by decreased abundance, disappearance of pollinators or seed dispersers, invasion of predators, pests or competitors).

4. Existing conservation practices and the new challenges of the Anthropocene {#sec4}
=============================================================================

The described above recruitment problems faced by many species, on one hand, and inadequacy of passive protection to address the possible solutions (i.e. assistant establishment and assistant colonization), on the other hand, call for a critical evaluation of the available conservation tools and practices. With respect to conservation of plants, what are these conservation practices? Briefly they include:1)assessments of biodiversity summarized in IUCN species categorization and creating global, national and regional lists of threatened species;2)global and regional prioritization of species, habitats and areas for conservation;3)establishment of protected areas preserving natural habitats and their biota;4)no intervention in strictly protected areas; minor interventions in less strictly protected areas usually limited to control of invasive species and prescribed burning;5)preservation of threatened species in *ex situ* seed banks and botanic garden living collections with minimal coordination between *ex situ* and *in situ* actions;6)reinforcement or reintroduction of endangered species usually conducted at single or very few locations;7)focus in conservation plans on single species rather than on groups of species or species assemblages.

The practices listed above implicitly assume that the threatened species habitat is either pristine or almost intact. If this was the case, passive protection with minor interventions such as reinforcement/reintroduction would do the job, because the conservation biology research conducted over the last 50 years provided us with quite a good understanding of how natural ecosystems operate under either no or minimal to moderate human impact. However, rates of landscape modification, habitat fragmentation, invasions and species extinctions became so dramatic in the 21st century that few, if any, ecosystems remain untouched by the impact of human activity ([@bib109]; [@bib94]; [@bib95], [@bib71], [@bib31], [@bib84]). The combined effects of these processes at times exceeded the ability of ecosystems to maintain their structure and function. While the ecosystem effects of individual drivers can usually be predicted, their combinations introduce a lot of uncertainty and complexity. Not surprisingly, historically authentic, co-evolved biotic assemblages rapidly disappear, being replaced by new combinations of species living under environmental conditions that have no historical analogs ([@bib59], [@bib61]).

These reasons explain why the listed above practices did not establish an efficient link between conservation biology conceptual developments and implementation of these developments in today\'s real-world situations. Witnessing inability of the existing conservation practices to even slow down the steadily accelerating loss of species and natural habitats ([@bib57], [@bib58]) we need a new approach that would reconcile these practicies with the new world realities, when virtually no habitat is intact, and designated for protection habitats are so few, small, poorly connected and degraded that their passive protection can not preserve biodiversity.

Such a creative and flexible approach should allow to deal with not only pristine but altered habitats, and making possible to restore disrupted recruitment. Several authors proposed restoration of the degraded habitats as being crucial for conserving biodiversity in the 21st century ([@bib32], [@bib120], [@bib12]). However, up to now, habitat restoration has been mainly considered as a prerequisite of a threatened species recovery ([@bib6]) rather than an integral part of the recovery program, although examples of the latter do exist ([@bib40], [@bib19]).

5. Conservation-oriented restoration {#sec5}
====================================

I propose that efficient conservation of biodiversity can be achieved only by applying interventions to partly degraded habitats designated as target areas for either assisted establishment or assisted colonization. The new concept called conservation-oriented restoration ([@bib111], [@bib112], [@bib115]) proposes to make habitat restoration (instead of focal species and their populations) a focus of plant conservation. The concept adopts the idea of creating partly novel (i.e. having species compositions that differ from historical analogs) ecosystems, but with a goal of conservation of threatened species and their habitats, and not for improving well-being of local communities through improved ecological services. The proposed concept, making ecological restoration an integral part of conservation planning and implementation, and using threatened plant species in habitat restoration, if proved realistic and producing good results, may become a new conservation paradigm ([Fig. 2](#fig2){ref-type="fig"}). This concept appears to be adopted in recently proposed creation of "protorefuges" and "protorefugia" - "restoration sites that threatened species can be translocated to, where the restoration design can be specifically adapted to help reduce the decline of threatened species at the leading and trailing edges (respectively) of bioclimatic envelope shifts" ([@bib7]). The major principles of conservation-oriented restoration were first outlined in [@bib112], and then described in more detail in [@bib111], [@bib115]. Below I will summarize in a systematic manner the distinct features of the proposed concept, and place it within an existing framework of approaches dealing with human impacts which adversely affect ecosystems and their biodiversity.Fig. 2Comparison of the proposed concept (habitat restoration paradigm) with the two existing conservation paradigms.Fig. 2

5.1. Utilization of threatened species in restoration {#sec5.1}
-----------------------------------------------------

An idea of usage of threatened species in restoration is a cornerstone of the proposed strategy, and it has the following logic. On one hand, many threatened species will have a future only in restored habitats. On the other hand, if they belong to the functionally important plant category, a category needed to restore the ecosystem integrity, why not to use them in a form of seedlings or saplings for ecological restoration? An area to be restored can be a subject to either assisted establishment or assisted colonization depending on whether the species is still present there or has no past records of occurrence. And, to bring the idea that the threatened species can be used in restoration to a practical use, we need clear understanding of which of them, under what circumstances and how can be used for restoration.

Assisted establishment using threatened species is actually augmentation of extant populations. Introduced plants can revitalize an existing population by improving availability of mates and pollinators\' visitation or decreasing genetic drift and thus its negative effects on offspring performance. Restoration of recruitment in insect pollinated species exhibiting limited seed set and spatial segregation of reproducing plants requires reinforcement of the remaining wild populations with genetically variable seedlings or saplings, planted at the distance from each other within a migrating distance of the effective pollinators. The introduced groups of plants must be sufficiently large and not too far from each other to enable inter-group gene flow. This consideration must be explicit in projects augmenting existing and especially creating new populations, because in the latter the introduced population sizes are usually small and attritions during the establishment phase inevitable. In addition to increasing availability of mates and releasing seed limitation, the plants introduced into both the currently occupied and unoccupied but suitable habitat can improve the whole ecosystem and conditions for the other species (vegetation cover, canopy structure, trophic web, mutualistic interactions) if the threatened species has a functionally important role in the ecosystem (which many threatened tree and shrub species do have). Decline in abundance/disappearance of species that are more vulnerable to habitat degradation and fragmentation often results in a dominance of just a few species that are most tolerant to anthropogenic disturbances. As dominance is related inversely to species diversity, reduction in numbers of the dominant species in favor of threatened species can be a way to preserve both high species diversity and the threatened species themselves. Liberating suppressed juveniles or replacement planting can be especially relevant for those threatened species that are poor competitors and outcompeted by aggressive fast growing and dispersal-efficient dominant species.

For assisted colonization, the following considerations should be relevant. Many of the currently rare species are likely to be "anthropogenic rarities" ([@bib38]). These species could have become threatened as a result of higher vulnerability in comparison with other species to alteration of once existing habitats and biotic interactions, with their current range being considerably smaller than one in the past. Species which decline and suffer range contraction due to extrinsic factors (e.g. invasion of non-native species, livestock grazing, fire suppression or land conversion), may turn out to be useful for restoration of altered or partly degraded habitats outside their current range. Moreover, uncertainty about a cause of rareness for many threatened species, but with a high probability that they are anthropogenic rarities, allows substantial broadening of lists of candidate species for habitat restoration with threatened species. Threatened species with small populations, highly fragmented ranges, long generation cycles, limited adaptation and migration capacities, regeneration problems or suffering declines due to introduced pests, diseases or invasive competitors should be first priority candidates for assisted colonization ([@bib43]). This can be recommended regardless of "whether this is from the perspective of a habitat being restored or a species being conserved, within and beyond their current known range" ([@bib110]). Some of these species, after introduction into numerous apparently suitable locations within their potential distribution range, can become common or even dominant species in some of the restored ecosystems.

Compiling species lists for conservation-oriented restoration can be based on the concept of characteristic and derived diversity ([@bib53]). According to [@bib53] the observed in a community diversity represents two species pools of different historical backgrounds. The first one, called characteristic diversity, consists of species belonging to habitat-specific regional species pool, and the second one, called derived diversity, represents species not typical to a given community (region) and whose presence is due to intended or unintended human impact. Although majority of the candidate species will be from the first group, some threatened and functionally important species can be from the second group ([Fig. 3](#fig3){ref-type="fig"}). All the species from the regional species pool absent in the characteristic diversity pool can be considered representatives of \'dark diversity\' group *sensu* [@bib83], the set of species in a region that currently do not inhabit a site due to dispersal or establishment limitations. The latter can be a result of human-caused alteration of abiotic and biotic conditions. Assisted colonization of the species from the regional species pool can convert dark diversity into characteristic diversity.Fig. 3A concept of characteristic and derived diversity applied to conservation-oriented restoration (modified from [@bib53]). A restored community diversity (smaller square) will consist of characteristic and derived diversity, the former being species that belong to habitat-specific species pool (larger square), and the latter representing species from other species pools. The appropriate candidates from the second group must be threatened and functionally important species able to establish and reproduce under environmental conditions that are typical of the particular habitat.Fig. 3

Comparisons or rare species with congeneric common species show similar fecundity and germination rates ([@bib15], [@bib42]), as well as distributions of individuals among size classes ([@bib13], [@bib69]). Available literature shows suitability and similar prospects of the establishment of threatened plant species in comparison with non-threatened species in restoration projects ([@bib81], [@bib101], [@bib24], [@bib79], [@bib96], [@bib104]).

The reasons for limited use of threatened species in restoration projects include a requirement of large seed quantities and a lack of knowledge of the species\' reproductive biology and efficient methods of propagation and planting. Even for non threatened species it is often not possible to provide enough seed or other propagules for recovery let alone conservation restoration. And for successful establishment of planted individuals it is vital to have the knowledge about propagation by seeds or cuttings, and ideal individual size and time for planting. The problem of propagule supply can be efficiently solved by the *quasi in situ* living collections as explained below, and the crucial knowledge about species propagation, although still very limited, is steadily accumulating for rare and endangered species (e.g. [@bib64], [@bib93], [@bib29], [@bib30], [@bib54], [@bib68], [@bib89], [@bib70], [@bib17], [@bib47], [@bib73]). Once the necessary knowledge is acquired and protocols are available, comparable to those for common species, the cost per seedling will make restoration practitioners more likely to incorporate rare and threatened species into their plans ([@bib91]), because availability of seedlings rather than the cost of a seedling per added species is an obstacle to planting high-diversity species pools ([@bib2]).

5.2. Importance of experimentation in assisted establishment and colonization {#sec5.2}
-----------------------------------------------------------------------------

Accepting that active intervention is a necessary part of modern plant conservation, we must recognize experimentation as its major tool for a number of reasons.

Experimentation is needed for efficient management of protected areas. For some areas, especially those that harbor critically endangered species with no viable relocation options, it would be desirable to apply a variety of experimental treatments among and within protected areas, so that some areas remain untouched while others are managed. Comparison of the outcomes will make it possible to identify the best treatment to facilitate the transition of ecosystems along desired trajectories ([@bib88]).

Management of protected areas may include creation of favorable microsites for the target species. Some habitats, e.g. calcareous grasslands or desertified shrublands suffer from micro-site limitation ([@bib99], [@bib117]). However, artificial creation of such micro-sites has a lot of uncertainty because the optimal levels of required intervention differ among species. Some species prefer drier micro-sites with strongly reduced competition, whereas others, whose seedlings are more vulnerable to desiccation, may prefer wetter sites. Thus different types of disturbance of varying intensity need to be tested for working out the optimal ones required to create suitable conditions for the establishment of introduced species.

Experimentation is also needed for mitigating climate change effects. Potential species niche can be determined through species distribution modeling and used to predict the anticipated range shifts. However, only experimentation will allow identifying those locations where the species can establish viable populations because no modeling can predict presence of suitable microsites, mutualistic biota or detrimental herbivores. Because responses to climate are usually species-specific, climatic changes will result in complex and difficult-to-predict novel species combinations. As a result of range shifts and competition, species with previously non-overlapping ranges under new conditions will reassemble into presently not existing communities and ecosystems ([@bib119], [@bib60], [@bib45]). While many of these new ecosystems will be unsuitable for imperiled species, in some of them they may find a new home. For those threatened species for which the once existing habitat has been altered throughout the species range and therefore the reference habitat does not exist, and whose abiotic/biotic requirements are poorly understood, there is no alternative to limited scale translocation trials ([@bib92], [@bib118], [@bib78], [@bib114], [@bib110]). Such introduction over a range of environments rather than within the historical distribution or single ''preferred habitat'' should increase chances of successful establishment.

Large-scale restoration projects, particularly when using rare and threatened species with limited seed availability, should always be preceded by experiments investigating species- and treatment-specific responses ([@bib14], [@bib11]). This can be done by establishing mosaics of replicated treatments within mosaics of habitats ([@bib63]). This approach is an alternative to the commonly applied 'best available practice' of establishing a single combination of a limited number of plant species. Created in this way, plant communities are expected to differ in species composition among the introduction micro-sites, mostly in presence and abundance of rare species, and be potential sources of colonization for each other. The experimental approach is highly relevant to restoration whose goal is to rehabilitate existing habitats or create new habitats for threatened species because introductions of such species in general have a low chance of success ([@bib74], [@bib98], [@bib46], [@bib27], [@bib34]). Thus, broadening the list of species introduced in different combinations and treatments ([@bib63]), and replicating introduced populations over time and space ([@bib48], [@bib28]) is a way to maximize likelihood of reintroduction success.

5.3. Integration of *ex situ* and *in situ* strategies {#sec5.3}
------------------------------------------------------

Not only assisted colonization but in many cases also assisted establishment require introducing plant material, predominantly in a form of seedlings or saplings. Plant germplasm maintained and propagated *ex situ* can be used for this purpose. The potential of *ex situ* collections for *in situ* actions via storing and propagating plant material has been recognized for a long time ([@bib25], [@bib90]) but obvious space and other limitations of *ex situ* collections for achieving this are also well known ([@bib102], [@bib49] [@bib97], [@bib76], [@bib116]). This motivated search for an approach bridging *ex situ* and *in situ* through creating living collections of needed capacity outside botanic gardens and arboreta. For example, the idea of establishing botanic garden facilities within protected areas was briefly mentioned in [@bib75] but not explained. There are many examples of botanic gardens established in natural vegetation communities in different biogeographic zones, some in protected areas ([@bib55]), but their role is mainly limited to study, cultivation and display of the local flora including rare and endangered plant species, i.e. to *ex situ* conservation per se.

More recently, a concept called *quasi in situ* has been introduced. This concept proposes the creation of depositories of genetically variable source material for species of conservation concern as living plants maintained under natural or close to natural conditions ([@bib116], [@bib114]) ([Fig. 4](#fig4){ref-type="fig"}). The *quasi in situ* site maintains a living collection of individuals from populations sharing the same climatic zone and biotic/abiotic environment, has natural or semi-natural conditions and is legally protected. Besides preserving species genetic variation, *quasi in situ* living collections can be a reliable source of seeds for i*n situ* conservation and restoration projects. Seed banks cannot fulfill this task due to space limitations and problems with storing non-orthodox seeds, while collecting large quantities of seeds in natural populations is undesirable because of negative impacts of seed harvesting on local population dynamics ([@bib10]). It is often a problem for the nurseries producing seedlings of rare and threatened species to plan the numbers of seedlings that might be produced with certainty because of low predictability of seed production in many such species ([@bib100]). For the species which seed output is low, varies greatly between years, or reproducing adults in natural populations are very few and far apart, *quasi in situ* collections can be a solution because in these collections cross-pollination of plants will result in production of healthy, showing good performance offspring ([@bib113]). These offspring can be produced at no or very low cost and collected in large quantities needed for reintroduction or conservation-oriented restoration to be successful.Fig. 4Role of *quasi in situ* living collections in conservation-oriented restoration. A *quasi in situ* collection (grey rectangle) is established in a protected location having the same environmental conditions with the extant species populations (circles in red). Seeds that result from spontaneous or assisted cross-pollination within a quasi *in situ* site are used to produce the outplants for *in situ* actions.Fig. 4

5.4. Legislation allowing active interventions {#sec5.4}
----------------------------------------------

Habitat protection has a crucial role in plant conservation because legal protection prohibits activities that can damage, destroy or modify the natural habitats. However, protection does not guarantee a halt to further degradation of the habitat and species loss. The latter often is impossible without well-organized interventions and clear recovery criteria to follow. These interventions are possible only if they are allowed by the protection status of the target site. However, many of the interventions required (e.g. introduction of a suite of functionally important for the ecosystem species, creation of deadwood, thinning of pioneer in favor of late-successional tree species, liberation of juveniles of threatened species from competing vegetation, and various forms of translocation) are not allowed in strictly protected areas (Categories I-II) ([@bib126]).

To make implementation of conservation-oriented restoration possible, the current definitions of these categories must be changed to permit management through active interventions while forbidding any unauthorized activities. Second, introduction of critically endangered species based on predictions of species distribution modeling, into these areas should be allowed even if there are no records of their past occurrence.

5.5. Conservation-oriented restoration vs. species-targeted conservation and traditional restoration {#sec5.5}
----------------------------------------------------------------------------------------------------

A focus on improving a habitat in which degradation is a cause of the population decline rather than on a population itself through various forms of interventions distinguishes the proposed concept from conservation which focusers on particular species (species-targeted conservation), and makes it similar to a particular form of ecological restoration called 'restoration *sensu stricto*' ([@bib3], [@bib65]). The aim of the latter is not reclamation of severely or completely degraded habitats when the whole ecosystem must be recreated or altered to a desirable state but restoring desired species composition, structure and processes in a degraded but still functioning ecosystem. What makes the proposed concept different from 'restoration *sensu stricto*' is the wide utilization of threatened plant species in restoration, as discussed above.

The new concept is called conservation-oriented restoration to distinguish it from both, having more utilitarian goals traditional restoration and focusing on particular species species-targeted conservation. Conservation-oriented restoration should not be seen as an alternative to them but as a complement because these three approaches differ not only in broadly defined goals and attributes of their targets, but also in the types of ecosystems they are applicable to ([Fig. 5](#fig5){ref-type="fig"}).Fig. 5Three approaches to conservation of species and ecosystems, attributes of their targets on which the approach actions are focused, and the range of ecosystem degradation they can be successfully applied to (terms are *sensu*[@bib61]).Fig. 5

[@bib61] distinguished historical ecosystems, which remain within their historical range of variability, hybrid ecosystems, where the changes are reversible, and novel ecosystems, where the changes are irreversible. Despite some overlap ([Fig. 5](#fig5){ref-type="fig"}), traditional restoration predominantly focuses on novel ecosystems, while species-targeted conservation focuses on historical ecosystems, and conservation-oriented restoration on hybrid ones. The explicit conservation goals of conservation-oriented restoration are to boost the naturally occurring succession, restore some missing compositional or functional elements and bring the ecosystem back to the historical state. Therefore it can be applied to the hybrid but not the novel ecosystem because only the former can be returned to the historical state. The historical state does not mean a single set of abiotic and biotic conditions which in restoration is called a reference. Rather it is a range of variation in such conditions accounting for patch dynamics and physical site heterogeneity ([@bib23], [@bib72]), and multiple possible trajectories ([@bib62], [@bib105], [@bib37], [@bib4]).

While in traditional restoration the priority areas for restoration are the most degraded ones, in conservation-oriented restoration it is just the opposite -- the least altered habitats, which still need interventions to restore altered system properties but have a reasonable chance of approaching a historical ecosystem. In these areas, removal of threats (e.g. prohibition of grazing and logging) can lead to spontaneous recovery of a degraded system, but, as a rule, a successional change will be too slow or not to a desired state without crucial interventions (e.g. thinning or plant/animal introductions) ([@bib5]). Restoration of these systems\' structure and missing functions is often impossible without enrichment with late-successional species and absent functional groups, for example species with diverse flower and fruit types that support diverse pollinator and frugivorous fauna. Instead of using widespread, often exotic and even invasive species, as usually is done in traditional restoration, conservation-oriented restoration should utilize functionally equivalent threatened species that became rare due to disappearance and fragmentation of once existing habitats.

Other features that make a site an appropriate target for conservation-oriented restoration and distinguish it from traditional restoration are high total forest cover remaining in the landscape and legal protection status. If the habitat is unprotected or represents a small habitat fragment surrounded by hostile human-utilized environment the interventions will make little sense. The restored but unprotected and easily access habitat will almost certainly become once again a victim of human destructive utilization.

The major features of the proposed concept presented and discussed above will be developed further and more in depth from the results of studies applying this concept in real settings.
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